Alcaligenes faecalis strain JQ135 utilizes picolinic acid (PA) as sole carbon and 23 nitrogen source for growth. In this study, we screened a 6-hydroxypicolinic acid 24 (6HPA) degradation-deficient mutant through random transposon mutagenesis. The 25 mutant hydroxylated 6HPA into an intermediate, identified as 3,6-dihydroxypicolinic 26 acid (3,6DHPA) with no further degradation. A novel decarboxylase PicC was 27 identified that was found to be responsible for the decarboxylation of 3,6DHPA to 28 2,5-dihydroxypyridine. Although, PicC belonged to amidohydrolase_2 family, it 29 shows low similarity (<45%) when compared to other reported amidohydrolase_2 30 family decarboxylases. Moreover, PicC was found to form a monophyletic group in 31 the phylogenetic tree constructed using PicC and related proteins. Further, the genetic 32 deletion and complementation results demonstrated that picC was essential for PA 33 degradation. The PicC was Zn 2+ -dependent non-oxidative decarboxylase that can 34 specifically catalyze the irreversible decarboxylation of 3,6DHPA to 35 2,5-dihydroxypyridine. The K m and k cat towards 3,6DHPA were observed to be 13.44 36 μM and 4.77 s -1 , respectively. Site-directed mutagenesis showed that His163 and 37 His216 were essential for PicC activity. 38 39 40 3 / 25
This study demonstrated that 3,6DHPA was an intermediate in PA catabolism process 48 and further identified and characterized a novel amidohydrolase_2 family 49 decarboxylase PicC. It was also shown that PicC could catalyze the decarboxylation 50 process of 3,6-dihydroxypicolinic acid into 2,5-dihydroxypyridine. This study 51 provides a basis for understanding PA degradation pathway and the underlying 52 molecular mechanism. Decarboxylation is a fundamental process in nature (1, 2) . A variety of organic 59 compounds, including carbohydrates, fatty acids, aromatic compounds, and 60 environmental xenobiotics, are involved in decarboxylation. The decarboxylase 61 family can be subdivided into two groups based on the cofactor involved (1). Some 62 enzymes require organic cofactors, such as flavin or NAD(P) + ; while others utilize 63 inorganic cofactors, such as Zn 2+ or Mn 2+ . Recently, the amidohydrolase_2 family 64 decarboxylases that use inorganic ions as cofactors， have been gaining more 65 attentions (3) (4) (5) (6) . The enzymes in this family are usually involved in the catabolism of 66 important natural compounds such as α-amino-β-carboxymuconate-ε-semialdehyde 67 (ACMSD) (7, 8) , γ-resorcylate (9), 2,3-dihydroxybenzoate (10), 68 2,5-dihydroxybenzoate (11), 3,4-dihydroxybenzoate (2), 4-hydroxybenzoate (12), 69 5-carboxyvanillate (13), vanillate (14), and 2-hydroxy-1-naphthoate (3). However, 70 most of these studied compounds are benzene ring derivatives, while no 71 decarboxylase has been studied that is involved in the catabolism of pyridine 72 derivatives. 73 Picolinic acid (PA) is a typical C2-carboxylated pyridine derivate that is widely 74 produce from physiological metabolism in mammalian and microbial cells (15) . PA is 75 a natural dead-end metabolite of L-tryptophan produced via kynurenine pathway in 76 humans and other mammals (16) (17) (18) . Moreover, it can be produced in other biological 77 processes such as the microbial degradation of 2-aminophenol, catechol, and 78 nitrobenzene (19) (20) (21) . PA was found to be toxic and it inhibited the growth of normal 79 rat kidney cells and T cell proliferation, thus, enhancing seizure activity in mice, and 80 inducing cell death via apoptosis (22) (23) (24) (25) analysis suggested that the molecular ion peak of the product was 112.0400 (M+H + ), 150 which was identical to that of 2,5DHP (36, 38). Further, the HPLC analysis showed 151 that the retention time of the product was identical to that of the authentic sample of 152 2,5DHP. The 3,6DHPA was degraded completely with the formation of equal molar of 153 2,5DHP. Moreover, the PicC did not catalyze the reverse carboxylation of 2,5DHP in 154 a reaction mixture containing NaHCO 3 . Site-directed mutagenesis 180 In order to assess their roles in the function of PicC, seven histidine residues 181 (H12, H135, H163, H172, H177, H194, and H216) were substituted with Ala residue 182 through site-directed mutagenesis (Fig. 3B ). The seven PicC mutants obtained were 183 expressed and purified and their activities were determined ( Fig. S4 ; Table 1 ). fold of amidohydrolase_2 family (Fig. 3) . It has been previously reported that the 218 amidohydrolase_2 family protein (PF04909) catalyzes the decarboxylation reaction 219 (C-C bond) of several benzene derivatives, whereas the amidohydrolase_1 family 220 protein (PF01979) catalyzes the hydrolytic reactions (C-N, C-Cl, or C-P bond) (4).
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The ACSMD was the first member of amidohydrolase_2 family to be reported (8) 222 followed by other members, including γ-RSD (9), 2,3DHBD (10), 5CVD (13), and 223
HndA (3). A phylogenetic tree of PicC and related proteins showed that PicC was 224 clustered with amidohydrolase_2 but not amidohydrolase_1 family proteins (Fig. 3) . 225 However, the identities between PicC and reported decarboxylases were low (less than 226 45%), and PicC formed a separate branch in the phylogenetic tree (Fig. 3 ). In addition, 227 PicC was found to be specific toward its substrate 3,6DHPA. Thus, it can be 228 concluded that PicC could be a novel amidohydrolase_2 family decarboxylase. 229 The amidohydrolase_2 family proteins contain a few conserved amino acid 230 residues, which are usually the active sites. In ACSMD, the His177, His228, and 231 D294 were the Zn 2+ -binding sites (4). These three residues have been found in all 232 reported amidohydrolase_2 family proteins including PicC (His163, His216, and 233 D283) (Fig. 3B ). In addition, the results of site-directed mutagenesis of PicC 234 confirmed that H163 and H216 also played essential roles in PicC-mediated catalysis. 235 Another Zn 2+ -binding motif 'HxH' has been found in the N-terminal of ACSMD (4) 236 and HndA (3), whereas this motif was replaced by 'EEH' in γ-RSD (9) or 'EEA' in 237 5CVD (13) (Fig. 3B) . In PicC, the corresponding motif has been found to be similar 238 to that of γ-RSD. All bacterial strains and plasmids used in this study are listed in Table 3 . 
